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(54) Ink jet recording head unit and Image recording device having the same 



(57) An ink jet recording head unit includes: at least 
one nozzle array (41,42) in which a plurality of nozzle 
openings are arrayed; a plurality of common ink cham- 
bers (43.44,45,46), each adapted to store ink to be 
ejected; compliance parts (49) provided to wall surface 
defining the common ink chambers, respectively; and a 
plurality of ink flow passages which supply ink from ink 



supplying sources through the common ink chambers 
to the nozzle openings. Of the plurality of the ink flow 
passages, an ink flow passage longer than another ink 
flow passage has the compliance part (49) of the com- 
mon Ink chamber, which is located at a middle of the ink 
flow passage and which is set longer in comparison to 
the other Ink flow passage. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an ink jet recording head unit provided with a plurality of Ink flow passages, 
each being designed to supply ink to nozzle openings through a common ink chamber from an ink supply source, and 
also relates to an image recording device having the same. 

[0002] An image recording device such as a printer, a plotter and a facsimile machine is available, which has an ink 
jet recording head provided with a plurality of ink flow passages each being designed to supply ink to nozzle openings 
10 through a common ink chamber from an ink cartridge. 

[0003] A strong demand exists to miniature the ink jet recording head of this type, and thus the plurality of ink flow 
passages must be Installed in a limited space. For this reason, it is difficult to make uniform the volumes of the common 
ink chambers. 

[0004] Of the recording head capable of ejecting ink of plural colors, such a type is available, in which the number 
15 of nozzle openings of a black nozzle array frequently used for document print is more than the number of nozzle 
openings of another chromatic color nozzle array, and the recording head of this type is, in particular, difficult to make 
the volumes of the common ink chambers uniform. 

[0005] The volume difference of the common chambers causes variation in flow passage resistance and inertance 
ink flow passage by ink flow passage, and consequently, ink ejection performance is varied. 
20 [0006] Further, an ink cartridge is required to be larger to realize more and more print, and therefore It becomes more 
difficult to make uniform the length of an ink supply passage (for example, a flow passage from the ink cartridge to the 
recording head), which constitutes a part of the ink flow passage, causing large variation in ejection performance. 

SUMMARY OF THE INVENTION 

25 

[0007] The present invention was made in view of the above circumstances, and an object thereof is to provide a 
recording head unit and an image recording device, which can prevent problems caused due to a reservoir-to-reservoir 
volume difference and a flow passage resistance difference. 

[0008] The present invention is proposed in order to attain the above-noted object, and the invention provides, for 
30 instance, the followings: 

(1 ) An ink jet recording head unit comprising: at least one nozzle array in which a plurality of nozzle openings are 
arrayed; a plurality of common ink chambers, each adapted to store Ink to be ejected; compliance parts provided 
to wall surfaces defining the common ink chambers, respectively; and a plurality of ink flow passages which supply 

35 ink from ink supplying sources through the common ink chambers to the nozzle openings, wherein: 

of the plurality of the Ink flow passages, an ink flow passage longer than another ink flow passage has the 
compliance part of the common ink chamber, which is located at a middle of the ink flow passage and which is set 
smaller in comparison to the other ink flow passage. 

(2) An ink jet recording head unit comprising: at least one nozzle array in which a plurality of nozzle openings are 
40 arrayed; a plurality of common ink chambers, each adapted to store ink to be ejected; compliance parts provided 

to wall surfaces defining the common ink chambers, respectively; and a plurality of ink flow passages which supply 
Ink from ink supplying sources through the common ink chambers to the nozzle openings, wherein: 

of the plurality of the ink flow passages, an ink flow passage smaller in flow passage resistance than another 
ink flow passage has the compliance part of the common Ink chamber, which is located at a middle of the ink flow 
45 passage and which is set smaller in comparison to the other ink flow passage. 

(3) An ink jet recording head unit comprising: at least one nozzle array in which a plurality of nozzle openings are 
arrayed; a plurality of common ink chambers, each adapted to store ink to be ejected; compliance parts provided 
to wall surfaces defining the common ink chambers, respectively; and a plurality of ink flow passages which supply 
ink from ink supplying sources through the common ink chambers to the nozzle openings, wherein: 

50 of the plurality of the ink flow passages, an ink flow passage smaller in inertance than another ink flow passage 

has the compliance part of the common ink chamber, which is located at a middle of the ink flow passage and 
which is set smaller .in comparison to the other ink flow passage, 

(4) The Ink jet recording head unit according to any of (1 ) to (3), wherein the nozzle array is divided into a plurality 
of nozzle blocks, and each of the nozzle blocks is communicated with a respective one of the common ink cham- 

55 bers. so that ink can be supplied block by block. 

(5) The ink jet recording head unit according to (4), wherein the nozzle array is divided into three of the nozzle 
blocks, three of the common ink chambers are formed for the nozzle an-ay, and ink of three kinds can be ejected 
from the single nozzle array. 
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(6) An image recording device including the ink jet recording head unit defined in any of (1) to (5). 

[0009] The present disclosure relates to the subject matter contained in Japanese patent application Nos. 
2000-157884 (filed on May 29, 2000), and 2001-140832 (filed on May 11, 2001). which are expressly incorporated 
5 herein by reference in their entireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

10 

Fig. 1 is a perspective view showing a structure of an ink jet printer. 

Fig. 2 is a perspective view showing a recording head unit as viewed from a recording head side. 
Fig. 3 is a cross sectional view showing a structure when an ink cartridge and the recording head unit are cut in 
the lateral direction. 
15 Fig. 4 is a plan view showing a recording head. 

Fig. 5 is a plan view showing a supply port plate. 

Fig. 6 is a cross sectional view taken on line A - A in Fig. 4. 

Fig. 7 shows a simple equivalent electric circuit of a reservoir section. 

Fig. 8(a) to 8(c) show modifications of nozzle an^ays. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0011] The preferred embodiment of the present Invention will be described with reference to the accompanying 
drawings. 

25 [0012] Fig. 1 is a perspective view showing an ink jet printer 1 (referred to simply as a printer 1) which is a typical 
image recording device. 

[0013] The printer 1 is provided with a carriage 3 having a recording head unit 2 (referred to simply as a head unit 
2). The carriage 3 is reciprocatively moved in a main scan direction by means of a head scanning mechanism. 
[0014] The head scanning mechanism is made up of a guide member 5 extending across a housing 4, a drive pulley 

30 7 which is driven to rotate by a pulse motor 6 coupled thereto, a floating pulley 8, a timing belt 9 which is wound on 
and between the drive pulley 7 and the floating pulley 8. and coupled to the carriage 3. and a control unit (not shown) 
for controlling a rotation of the pulse motor 6. The printer 1 is provided with a paper feeding mechanism for feeding a 
recording sheet 12 in a paper feeding direction (sub-scan direction). The paper feeding mechanism includes a paper 
feeding motor 10, a paper feeding roller 11 , and others, and successively feeds the recording sheet 12 in synchronism 

35 with a recording operation. 

[0015] Next, the head unit 2 will be described. As shown in Fig. 2, the illustrated head unit 2 includes a frame 23 
made of synthetic resin. A cartridge holder 26 is formed on the upper surface of a base plate 24 of the frame 23. An 
ink cartridge 25 may be mounted on the cartridge holder 26. 

[0016] The Ink cartridge 25 is a hollowed box-like member whose inner space is partitioned Into a plurality of ink 
40 chambers. Each ink chamber stores ink in a state that ink is retained in an ink absorbing member (not shown). As 
shown in Fig. 3, the ink cartridge 25 of the embodiment consists of a black cartridge 25A and a color cartridge 25B. 
The black cartridge 25A includes a single ink chamber 25a for storing black ink. The color cartridge 25B includes three 
ink chambers 25b, 25c and 25d respectively storing cyan ink, magenta ink and yellow ink. Needle coupling parts 29 
(29a to 29d) are provided on the bottoms of the ink chambers 25a to 25d. Ink supplying needles 27 will be inserted 
45 into those needle coupling parts 29, respectively. The needle coupling parts 29 function as ink discharging ports of the 
ink reservoirs (corresponding to ink supplying sources in the description for defining the invention). 
[0017] A recording head 13 is mounted, from below, on the lower surface of the base plate 24, which is located on 
the opposite side of the cartridge holder 26. The recording head 13 is communicated with the ink chambers 25a to 25d 
via corresponding ink supplying passages (ink supplying needles 27 and converging flow passages 60 to be described 
50 later). Ink of four colors stored in the ink cartridge 25 is supplied to the recording head 1 3 through those ink supplying 
passages, respectively. 

[001 8] As shown in Figs. 4 through 6, the recording head 1 3 is generally composed of an actuator unit 31 and a flow 
passage unit 32. Specifically, the actuator unit 31 is superposed on the flow passage unit 32 into an integral form. The 
actuator unit 31 is constructed such that a pressure chamber plate 33, a pressure chamber substrate 34, and a vibrating 
55 plate 35 are laminated one on another, and then sintered or the like to provide an integral unit. The flow passage unit 
32 is composed of a supply port plate 36, a reservoir plate 37 and a nozzle plate 1 5, and bonding films 38 are interposed 
therebetween, whereby those plates are jointed into a single unit. The actuator unit 31 and the flow passage unit 32 
are coupled together into a single unit by means of an bonding film 39 being Interposed therebetween. 
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[001 9] The nozzle plate 1 5 is a thin plate like member made of a metallic material, e.g., stainless. A plurality of nozzle 
openings 20 .... are arrayed in the nozzle plate 15 to pass therethrough in the thickness direction. Those nozzle 
openings . 20 .... are formed into two linear arrays arranged side by side. One of the two linear arrays is a single nozzle 
array 41 , while the other is a divided nozzle array 42. The single nozzle array 41 is capable of ejecting ink of the same 

5 kind, and consists of, for example, 48 number of nozzle openings 20. In the embodiment, the single nozzle array 41 
ejects black ink. In the divided nozzle array 42, the nozzle openings 20 are divided into blocks as viewed in the nozzle 
array direction. The divided nozzle array 42 is constructed by three nozzle blocks. Of those nozzle blocks, one nozzle 
block consists of, for example, 15 number of nozzle openings 20. In the embodiment, in Fig. 4, the upper nozzle block 
is a yellow block BY; the medium nozzle block is a magenta block BM; and the lower nozzle block Is a cyan block BC. 

10 which are capable of ejecting yellow ink, magenta Ink and cyan ink, respectively. 

[0020] The reservoir plate 37 is a thin plate like member made of a metallic material, e.g., stainless, similarly to the 
nozzle plate 1 5. 

[0021] First to fourth reservoirs 43 to 46 are formed in the reservoir plate 37. The first reservoir 43 Is provided cor- 
responding to the single nozzle anray 41 . The second to fourth reservoirs 44 to 46 are provided corresponding to the 

15 divided nozzle array 42. Those reservoirs are Involved in common ink chambers In the description of defining the 
invention. The reservoirs are formed by opened portions passing through the reservoir plate .in its thickness direction. 
The first reservoir 43 serves as a black reservoir for storing black ink. The second reservoir 44 is a cyan reservoir for 
storing cyan Ink, and corresponds to the cyan block BC. The third reservoir 45 is a magenta reservoir for storing 
magenta ink, and corresponds to the magenta block BM. The fourth reservoir 46 is a yellow reservoir for storing yellow 

20 ink, and corresponds to the yellow block BY. Those reservoirs are equal in width as well as In depth, and extended to 
one end of the reservoir plate 37 as viewed in the nozzle array direction. At this end, the reservoirs are communicated 
with Ink introducing ports 47 (47a to 47d; to be described later). Accordingly. In the divided nozzle array 42 of the 
embodiment, the second reservoir 44 for the cyan ink is shortest in length; the fourth reservoir 46 for the yellow ink Is 
longest; and the third reservoir 45 for the magenta ink Is intermediate between them. 

25 [0022] A plurality of first nozzle communicating port 50 are formed in the reservoir plate 37 at positions corresponding 
to the nozzle openings 20, while passing through the reservoir plate in the thickness direction. 
[0023] The supply port plate 36 is also a thin plate like member made of a metallic material, e.g., stainless. A plurality 
of ink supply ports 51, which are communicated with the reservoirs 43 to 46, are formed in the supply port plate at 
pitches equal to those of the nozzle openings 20. A plurality of second nozzle communicating ports 52 are formed in 

30 the supply port plate 36 at positions con-esponding to the first nozzle communicating ports 50, while passing through 
the plate in the thickness direction. Each of those ink supply ports 51 serves as a portion for applying flow passage 
resistance (fluidic resistance) to ink within a respective one of the individual ink flow passages (to be described later). 
[0024] Ink introducing ports 47 (47a to 47d) are formed at one of the ends of the supplyport plate 36 as viewed in 
the communicating port array direction. The Ink introducing ports 47 are communicated with the outlets of the Ink 

35 supplying passages, and function as ink inlets in the recording head 13. Four ink introducing ports 47 are fomied 
corresponding to the kinds of ink that can be ejected. Specifically, those ink introducing ports are a black ink introducing 
port 47a, a cyan ink introducing port 47b, a magenta ink introducing port 47c, and a yellow Ink introducing port 47d in 
left-to-right order in Fig. 5. 

[0025] Compliance parts 49 are formed In the supply port plate 36 at parts of the upper walls defining the reservoirs 
^0 43 to 46, viz., parts thereof overlapping with the openings for the reservoirs of the reservoir plate 37. The compliance 
parts 49 are each formed to be elastically deformable such that those parts of the supply port plate 36 are recessed 
to enhance flexibility while leaving elasticity. Each of those parts is deformed to vary the volume of the corresponding 
reservoir, thereby reducing a pressure variation. Specifically, when ink Is supplied to the pressure chamber 54, the 
associated compliance part is deformed In such a direction as to reduce the volume of the associated reservoir, to 
45 thereby quicken and smooth the supplying of ink. When an ink droplet is ejected and a pressure is transmitted from 
the pressure chamber 54 to the compliance part, the compliance part is deformed in such a direction as to Increase 
the volume of the reservoir. 

[0026] The sizes of the compliance parts 49 are set as follows. In the divided nozzle array 42, the compliance part 
49b for the second reservoir 44 having the shortest length is set to be smallest in area. The compliance part 49d for 
50 the fourth reservoir 46 having the longest length is set to be largest In area. The compliance part 49c for the third 
reservoir 45 having the medium length is set to have an area, which is Intermediate in value between the areas of the 
above compliance parts. Thus, the sizes of the compliance parts are set In accordance with the lengths of the reservoirs 
each serving as a part of the respective Ink flow passage. The reason why the compliance parts 49 have different sizes 
will be described later. 

55 [0027] The pressure chamber plate 33 is a thin plate which is made of ceramics and has a thickness suitable for 

forming the pressure chambers 54. Specifically, it is a thin plate of alumina, zirconia, or the like. A plurality of opened 
portions serving as the pressure chambers 54 are formed passing through the plate in the thickness .direction. The 
pressure chambers 54 are arrayed at pitches equal to those at which the nozzle openings 20 are arrayed. Each of the 
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pressure chambers 54 is an elongated hole extending at a right angle to the array direction. In the embodiment, two 
right and left arrays of the pressure chambers 54 are disposed side by side. One (located on the right side in the figure) 
of the pressure chamber arrays serves as the pressure chambers 54 for the divided nozzle array 42, while the other 
(located on the left side In the figure) serves as the pressure chambers 54 for the single nozzle array 41. 

5 [0028] The pressure chamber substrate 34 is a thin plate which is made of ceramics, as in the case of the pressure 
chamber plate 33, and which is formed with third communicating ports 55 and supply side communicating ports 56. 
The third communicating ports 55 are holes passing through the pressure chamber substrate in the plate thickness 
direction, while being positioned corresponding to the second nozzle communicating ports 52. Those ports 55 are 
respectively communicated with the ends of the pressure chambers 54, which are located closer to the nozzle openings. 

10 The supply side communicating ports 56 are holes passing through the pressure chamber substrate in the plate thick- 
ness direction, while being positioned corresponding to the ink supply ports 51 . Those ports 56 are communicated with 
the ends of the pressure chambers 54 which are located in the opposite side from the third communicating ports 55. 
[0029] The vibrating plate 35 is a thin, elastic plate made of ceramics. A plurality of piezoelectric vibrator 57 ... are 
disposed on the outer surface of the vibrating plate 35, which Is opposite from the pressure chambers 54, to correspond 

15 In position to the pressure chambers 54, respectively. The illustrated piezoelectric vibration elements 57 are those of 
the bending vibration mode. Each of those vibration elements is driven in response to a drive signal supplied through 
a signal supplying cable (not shown) to vary the volume of the associated pressure chamber 54. 
[0030] In the recording head 13 thus constructed, the ink Introducing ports 47a to 47d are communicated with the 
reservoirs 43 to 46, respectively. The reservoirs 43 to 46 are communicated with the pressure chambers 54 via the ink 

20 supply ports 51 and the supply side communicating ports 56. Further, the pressure chambers 54 are communicated 
with the nozzle openings 20 via the nozzle communicating ports 50, 52 and 55. Accordingly, formed in the recording 
head 13 are head-side ink flow passages ranging from the ink introducing ports 47 to the nozzle openings 20 via the 
reservoirs 43 to 46 and the pressure chambers 54. Individual ink flow passages ranging from the ink supply ports 51 
through the pressure chambers 54 to the nozzle openings 20 are formed between the reservoirs 43 to 46 and the 

25 nozzle openings 20. 

[0031] Next, ink supplying passages, which communicates the needle coupling parts 29 of the ink chambers 25 to 
the ink introducing .ports 47, will be described hereunder. As shown in Fig. 3, the ink supplying passages are con- 
structed by ink supplying needles 27 (27a to 27d) to be inserted into the needle coupling parts 29, and converging flow 
passages 60 (60a to 60d) whose inlets are communicated with the outlets of the ink supplying needles 27 and outlets 

30 are communicated with the Ink introducing ports 47 (47a to 47d) of the recording head 13. 

[0032] The ink supplying needle 27 is made of synthetic resin, and formed with a hollowed shaft portion having a 
flowing-in hole 61 at its tip. and a tapered part which extends downwardly from the hollowed shaft portion in a state 
that its side wall is tapered outwardly from the hollowed shaft portion. A flange is formed at the lower end of the tapered 
portion. A filter 62 is located under the flange. 

35 [0033] The converging flow passage 60, as described above, is a flow passage for communication between the Ink 
supplying needle 27 and the ink introducing port 47, which extends downwardly from the outlet of the ink supplying 
needle 27 and is substantially circular in section in the width direction. 

[0034] In the present embodiment, the order by which the ink introducing ports 47a to 47d are disposed corresponds 
to the order by which the ink chambers 25a to 25d are disposed. That is, in Fig. 3, by the order from the left side, the 
40 ink chamber 25a and the ink introducing port 47a for black ink; the ink chamber 25b and the Ink introducing port 47b 
for cyan ink; the ink chamber .25c and the ink introducing port 47c for magenta Ink; and the ink chamber 25d and the 
ink introducing port 47d for yellow ink are disposed. 

[0035] The lateral width of the ink cartridge 25 is sufficiently larger than that of the recording head 1 3. Accordingly, 
when the spatial Interval at which the ink supplying needles 27 are disposed is compared with the pitch at which the 

45 ink introducing ports 47 are disposed, the former is wider than the latter. Accordingly, the converging flow passages 
60a to 60d are extended while being slanted downward so as to be converged to the recording head 13 side. 
[0036] The recording head 1 3 is disposed substantially right under the ink supplying needle 27b for cyan ink and the 
ink supplying needle 27c for magenta ink. A distance from the ink supplying needle 27a for black ink to the black ink 
introducing port 47a and a distance from the ink supplying needle 27d for yellow ink to the yellow ink introducing port 

50 47d are longer than a distance from the ink supplying needle 27b for cyan Ink to the cyan Ink introducing port 47b and 
a distance from the ink supplying needle 27c for magenta ink to the magenta ink introducing port 47c. 
[0037] Accordingly, the lengths of the converging fluid passages 60a to 60d are such that the converging flow passage 
60a for black ink and the converging flow passage 60d for yellow ink are long, while the converging flow passage 60b 
for cyan ink and the converging flow passage 60c for magenta ink are short. 

55 [0038] With provision of the Ink supplying passages and the head-side Ink flow passages, four Ink flow passages 
corresponding to the kinds of ink are formed ranging from the flowing-in holes 61 , serving as the inlets (ink supplying 
sources) of the ink supplying passages, to the nozzle openings 20. Of those four ink flow passages, the ink flow pas- 
sages for the divided nozzle array 42 for color Ink are compared on their lengths . Then, the converging flow passage 
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60b for cyan ink and the converging flow passage 60c for magenta ink are equal in length, but the lengths of the head- 
side ink flow passages, specifically, the lengths of the reservoirs are such that the second reservoir 44 for cyan ink is 
shorter than the third reservoir 45 formagenta ink. Accordingly, the cyan ink flow passage Is shortest, the magenta ink 
flow passage is short next to the fomier. and the yellow ink flow passage is longest. 

5 [0039] A flow passage resistance (fluidic resistance) of each ink flow passage varies depending on a length and a 
cross sectional area of the ink flow passage. Here, the length of the ink flow passage is a distance from the flowing-in 
hole 61 (ink supplying source), serving as the inlet of the ink supplying passage, to the nozzle opening 20. In the 
recording head 13 with the plurality of nozzle openings 20 as of the present embodiment, a distance measured from 
the flowing-ln hole 61 to the center of the nozzle array as viewed in the array direction (viz.. an average distance) is 

10 the length of the ink flow passage. For example, the length of the ink flow passage for black ink is a distance to a 
position between the 24^^^ nozzle opening 20 and the 25^^^ nozzle opening 20 as counted from the end of the nozzle 
array 41 . The length of the ink flow passage for yellow ink is a distance to the 8^^^ nozzle opening 20 as counted from 
the end of the array of the nozzle openings 20 forming the yellow block BY. Similarly, the length of each of the magenta 
and cyan ink flow passages is a distance to the 8*^ nozzle opening 20 as counted from the end of the opening array block. 

15 [0040] With regard to the head-side ink flow passages ranging from the ink introducing ports 47 to the terminal ends 
of the ink flow passages, the yellow ink flow passage is longest, the black ink flow passage and the magenta ink flow 
passage are next short, and the cyan ink flow passage is shortest. Accordingly, when the entire ink flow passages are 
compared, the yellow Ink flow passage is longest, and the black ink flow passage is next long, and the cyan ink flow 
passage is shortest and the magenta ink flow passage is next short. 

20 [0041] If the inner diameters of the ink supplying passages are set to be equal to one another ail over the ink flow 
passages, a longer ink flow passage has a larger flow passage resistance in comparison to a shorter ink flow passage 
since the flow passage resistance is determined substantially depending on the length of the ink flow passage. 
[0042] To cope with this, in the present embodiment, the cross sectional areas of the ink supplying passages are 
varied depending on the lengths of the ink supplying passages. That Is, a longer ink supplying passage has a larger 

25 cross sectional area of the ink supplying passage. Specifically, in the embodiment, the converging flow passages 60a 
and 60d for black ink and yellow ink are 1 .4mm in diameter. The converging flow passages 60b and 60c for magenta 
ink and cyan ink are 1 .2mm in diameter. It is noted that those numerical values of the diameter are selected by way of 
example, and other values may be appropriately selected as a matter of course. In an example of such, those converging 
flow passages 60 maybe converging flow passages of three different diameters: the converging flow passage 60d for 

30 yellow ink is 1 .4mm in diameter; the converging flow passage 60a for black ink is 1 .3mm in diameter; and the converging 
flow passages 60b and 60c for magenta ink and cyan ink are 1.2mm in diameter. 

[0043] Thus, the ink supplying passages of different lengths can be made to have uniform flow passage resistance 
by varying the diameters of the converging flow passages 60a to 60d depending on the lengths of the ink supplying 
passages. 

35 [0044] To record a clear image, it is necessary to make uniform the characteristics of the ink ejection from the nozzle 
openings. This is importance in particular in the color image recording. The ink ejection characteristic is greatly affected 
by the flow passage resistance, inertance and compliance of the ink flow passage. The flow passage resistance is an 
internal loss during the flow of ink, and thus increases as the length of the ink flow passage increases. The inertance 
is a mass of ink per unit length. 

40 [0045] The flow passage resistance of the ink flow passage will be described. Even if the cross sectional areas of 
the converging flow passages 60 are adjusted, the cyan ink flow passage is shortest, the magenta ink flow passage 
is next short, and the yellow ink flow passage is longest since the reservoirs forming parts of the ink flow passages 
are different in length (the second reservoir 44 for cyan ink is shortest, the third reservoir 45 for magenta ink is next 
short, and the fourth reservoir 46 for yellow ink is longest). Accordingly, also for the resistance of the ink flow passages, 

45 the flow passage resistance of the cyan ink flow passage is smallest in value; the magenta ink flow passage is next 
small; and the yellow ink flow passage is largest. 

[0046] The flow passage resistance acts, for example, as a resistance to impede a flow of ink absorbed into the 
pressure chamber 54 when the chamber is expanded. At this time, the compliance part 49 deforms and the volume of 
the reservoir decreases, whereby the Impediment of the ink flow is supplemented. Therefore, for the ink flow passage 

50 having a large flow passage resistance, it is necessary that the compliance part 49 is large in size. For the ink flow 
passage having a small flow passage resistance, if the compliance part 49 used is small, no problem arises. For this 
reason, in the embodiment, the compliance part 49b of the .second reservoir 44 whose flow passage resistance is 
smallest is smallest in size; the compliance part 49c of the third reservoir 45 whose flow passage resistance is next 
small is small next to the compliance part 49b; and the compliance part 49d of the fourth reservoir 46 whose flow 

55 passage resistance is largest is largest. 

[0047] In the case of the divided nozzle array 42 consisting of a plurality of nozzle blocks, of the plural ink flow 
passages that are communicated from the nozzle blocks through the reservoirs to the ink supplying sources, an ink 
flow passage smaller in flow passage resistance than another ink flow passage may have a smaller compliance part 
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49b of the reservoir, provided in the middle of the ink flow passage, in comparison to the other ink flow passage, and 
this will not cause non-uniformity of the ink ejection characteristic. 

[0048] In general, as the ink flow passage is longer, the flow passage resistance is larger. To the contrary, as it is 
shorter, the flow passage resistance is smaller. Accordingly, in the embodiment, no problem arises if the sizes of the 

5 compliance parts 49 are selected as mentioned above. That is, the compliance part 49b of the second reservoir 44, 
which forms a part of the cyan ink flow passage shortest in length, is smallest. The compliance part 49c of the third 
reservoir 45, which forms a part of the magenta ink flow passage next short, is next small. The compliance part 49d 
of the fourth reservoir 46, which forms a part of the yellow ink flow passage longest, is large. 
[0049] In short, in the case of the divided nozzle array 42, of the plurality of ink flow passages communicated from 

10 the nozzle blocks through the reservoirs to the ink supplying sources, an ink flow passage shorter in length than another 
ink flow passage may have a smaller compliance part 49 of a reservoir, provided in the middle of the ink flow passage, 
in comparison with the other ink flow passage. 

[0050] The inertance of the ink flow passage will be described. The cross sectional areas of the second, third and 
fourth reservoirs 44, 45 and 46 are almost equal to one another. Accordingly, the inertance values in those reservoirs 
15 49 are also substantially equal. The cross sectional areas of the converging flow passages 60 are selected to be 
different from one another. Accordingly, the inertance value of the yellow ink flow passage is largest, and the inertance 
values of the cyan and magenta ink flow passages are small. 

[0051] Where the inertance is large, large energy is required when the pressure chamber expands to absorb ink 
thereinto . Accordingly, the ink slowlymoves and hence, the response performance is degraded. In this situation, the 

20 compliance part 49 deforms to supplement the response performance degradation with the reduction of the volume of 
the reservoir. Accordingly, for the ink flow passage of large inertance, it is necessary that the compliance part 49 is 
large. In the case of the ink flow passage of small inertance, . if the compliance part 49 is small, no problem arises . 
Therefore, in the embodiment, as described above, no trouble occurs if the compliance part 49b of the second reservoir 
44 forming a part of the cyan ink flow passage of small inertance is set to be smaller than the compliance part 49d of 

25 the fourth reservoir 44 which forms a part of the yellow ink flow passage of large Inertance. 

[0052] Thus, of the plural ink flow passages communicated from the nozzle blocks to the ink supplying sources via 
the reservoirs, an ink flow passage smaller in inertance than another ink flow passage may have a smaller compliance 
part 49 of a reservoir, provided in the middle of the Ink flow passage, in comparison to the other ink flow passage. 
[0053] The fluid system mentioned above may also be described by using a simple equivalent electrical circuit on 

30 the reservoir portion, which is shown in Fig. 7. When a piezoelectric vibration vibrator is driven to pressurize an asso- 
ciated pressure chamber, a relation given by an equation (1) holds for a pressure Vs at the outlet of the pressure 
chamber because the fluid system operates as If current "i" flows in the Fig. 7 equivalent electrical circuit. In the equation, 
Vs is a pressure at the outlet of the pressure chamber, C is compliance of the reservoir portion, R is resistance of an 
ink flow passage ranging from the outlet of the pressure chamber to the reservoir portion, and M is inertance of the ink 

35 flow passage extending over the same range. 



[0054] Where the pressure Vs at the outlet of the pressure chamber is large, the cross talk or the like is large, 
hindering normal ejection because, for example, an unnecessary pressure variation may given to other pressure cham- 
45 bers. Therefore, to make the ink ejection characteristic uniform, it is required that the pressure Vs is selected to be 

below a predetermined value of pressure. 

[0055] Let us consider the relations of M, R and C to the current "i" under the condition that the equation (1) holds. 
From'the equation, as M and/or R is smaller, Vs is lower. In other words, the equation (1) shows that if the ink flow 
passage up to that point, including the reservoir, is short, Vs is low. The equation (1) also teaches that as C is lager, 
50 viz., the area of the compliance part is larger. Vs is lower. Additionally, from the equation (1), it is seen that when M 
and/or R is small, Vs does not increase even if C is somewhat reduced. 

[0056] Accordingly, in the case of the divided nozzle array 42, of the plural ink flow passages that are communicated 
from the nozzle blocks through the reservoirs to the ink supplying sources, an ink flow passages smaller in flow passage 
resistance than another ink flow passage may have a smaller compliance part 49 of a reservoir, provided in the middle 
55 of the ink flow passage, . in comparison to the other ink flow passage, or an ink flow passage shorter in length than 
another ink flow passage may have a smaller compliance part 49 of a reservoir, provided in middle of the ink flow 
passage, in comparison to the other ink flow passage. Further, of the plural ink flow passages that are communicated 
from the nozzle blocks through the reservoirs to the ink supplying sources, an ink flow passage smaller in intertance 
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than another ink flow passage may have a smaller compliance part 49 of a reservoir, provided in the middle of the ink 
flow passage, in comparison to the other ink flow passage. 

[0057] In this way, the compliance parts 49 are optimized in size in a state that the Ink ejection characteristic of the 
blocks is made uniform. Accordingly, the compliance part 49b of the ink flow passage which is difficult in forming a 
5 large compliance part 49 therein (viz., in the embodiment, the shortest second reservoir 44) can be set small in size. 
Consequently, the recording head 13 capable of recording a clear image may be reduced in size without any unrea- 
sonable modification. 

[0058] In the embodiment, the compliance parts 49 are constructed by forming the thinned parts in the supply port 
plate 36. However, the compliance part in the present invention should not be restricted thereto. For example, the 
10 compliance part may be constructed such that a film is formed as a part of the wall forming the reservoir. In short, the 
compliance part may take any form if it has such a damper function that it is elastically .deformed to lessen a pressure 
variation. 

[0059] In the head unit 2 described above, the converging flow passages 60 are downward slanted from the ink 
supplying needles 27 to the Ink introducing ports 47. The present invention should not be restricted to this example. If 
15 required, the converging flow passages may be formed in a planar member 

[0060] It should be understood that the present invention is not limited to the above-mentioned embodiment, but it 
may variously be modified, changed and altered within the scope of the present invention as defined in the appended 
claims. 

[0061] For example, in the embodiment, the recording head 1 3 is exemplified, in which the nozzle array 42 is divided 
20 into the three nozzle blocks BY, BM and BC, and the three reservoirs (common ink chambers) 44, 45 and 46 for the 
respective nozzle array blocks are formed, so that three kinds of ink can be ejected from the single nozzle array, but 
the present invention should not be restricted to this construction. 

[0062] For example, the present invention can be applied to a recording head In which a plurality of nozzle arrays 
71 ... are arranged side by side, and nozzle openings 20 in the nozzle arrays are offset at a predetermined pitch array 

25 by array as shown in Fig. 8(a). Further, the present invention can be applied to a recording head in which the cyan 
block BC, the yellow block BY and the magenta block BM are disposed in an alternate (zigzag) fashion, and the black 
nozzle array 71 longer in length and having larger number of nozzle openings 20 is disposed at a lateral side of these 
blocks as shown in Fig. 8 (b) . Moreover, the present invention can be applied to a recording head in which the black 
nozzle array and the chromatic color nozzle arrays (the cyan nozzle array, the magenta nozzle array and the yellow 

30 nozzle array) differs in number of the nozzle openings 20. 

[0063] That is, even in the recording heads having the above construction, the reservoirs differ in volume (length 
and width) ink flow passage by ink flow passage, but by optimizing sizes of the compliance parts, ink ejection charac- 
teristics can be made uniform. 

[0064] As to the recording head, the present invention can be applied to a recording head which uses piezoelectric 
35 vibrators of the longitudinal vibration mode. Similarly, the present invention can be applied to a recording head of the 
type in which air bubbles are generated by heating heat generating elements to thereby eject ink droplets with the 
generated air bubbles. While in the above-mentioned embodiment, ink of different colors is ejected using the divided 
nozzle array, ink of different kinds, e.g.. pigment ink and dye ink, may be ejected. 
[0065] As seen from the foregoing description, the present invention has the following useful effects. 
40 [0066] The size of the compliance part can be set in accordance with the length of the ink flow passage. With this 
feature, also in the short ink flow passage, a sufficient compliance is secured. Accordingly, the ink ejection character- 
istics at the nozzle openings can be made uniform, so that a clear picture can be recorded. 

[0067] The ink flow passages may be made different in length. Therefore, also in the recording head unit in which a 
nozzle array is divided Into a plurality of nozzle blocks, the ink flow passages can be formed in desired directions. This 
45 feature leads to reduction of the device size. Further, its manufacturing is easy, and its manufacturing cost is reduced. 
[0068] For the ink flow passage of which the flow passage resistance and the inertance are small, use of a small 
compliance part suffices. This fact accrues to increase of design freedom, easymanufacturing and manufacturing cost 
reduction. 

so 

Claims 

1. An ink jet recording head unit comprising: 
55 at least one nozzle array (41 , 42) in which a plurality of nozzle openings (20) are an-ayed; 

a plurality of common ink chambers (43, 44, 45, 46), each adapted to store ink to be ejected: 
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compliance parts (49) provided to wall surfaces defining the common Ink chambers (43. 44, 45, 46). respec- 
tively; and 

a plurality of ink flow passages which supply ink from Ink supplying sources (25) through the common ink 
5 chambers (43, 44. 45, 46) to the nozzle openings (20), wherein: 

of the plurality of the ink flow passages, an ink flow passage longer than another ink flow passage has the 
compliance part (49) of the common ink chamber (43, 44. 45, 46), which is located at a middle of the ink flow 
passage and which Is set smaller in comparison to the other Ink flow passage. 

2. An Ink jet recording head unit comprising: 

at least one nozzle array (41, 42) in which a plurality of nozzle openings (20) are arrayed; 

a plurality of common Ink chambers (43. 44, 45, 46). each adapted to store ink to be ejected; 

15 

compliance parts (49) provided to wall surface defining the common ink chambers (43, 44, 45, 46), respectively; 
and 

a plurality of Ink flow passages which supply ink from ink supplying sources (25) through the common ink 
20 chambers (43. 44. 45, 46) to the nozzle openings (20), wherein: 

of the plurality of the ink flow passages, an ink flow passage smaller in flow passage resistance than another 
ink flow passage has the compliance part (49) of the common ink chamber (43, 44, 45. 46), which is located 
at a middle of the ink flow passage and which is set smaller in comparison to the other ink flow passage. 

25 3. An ink jet recording head unit comprising: 

at least one nozzle array (41 , 42) in which a plurality of nozzle openings (20) are arrayed; 
a plurality of common ink chambers (43, 44, 45, 46), each adapted to store ink to be ejected; 
compliance parts (49) provided to wall surfaces defining the common ink chambers (43, 44. 45, 46), respec- 
30 tively; and 

a plurality of ink flow passages which supply ink from ink supplying sources (25) through the common Ink 
chambers to the nozzle openings (20), wherein: 

of the plurality of the ink flow passages, an ink flow passage smaller in inertance than another ink flow passage 
has the compliance part (49) of the common Ink chamber, which is located at a middle of the flow passage 
35 and which is set smaller in comparison to the ink flow passage. 

4. The ink jet recording head unit according to any of claims 1 to 3. wherein the nozzle array (42) is divided into a 
plurality of nozzle blocks, and each of the nozzle blocks is communicated with a respective one of the common 
ink chambers (44. 45, 46), so that ink can be supplied block by block, 

40 

5. The ink jet recording head unit according to claim 4, wherein the nozzle array (42) is divided Into three of the nozzle 
blocks, three of the common ink chambers (44, 45, 46) are formed for the nozzle array, and ink of three kinds can 
be ejected from the single nozzle array (42). 

45 6. The Ink jet recording head unit according to any one of claims 1 to 5, wherein: 

the ink flow passages includes respective converging flow passages (60) extending from the ink supplying 
source (25) to inlets (47) of the common ink chambers (43, 44, 45, 46), and 

50 of the converging flow passages (60), a longer converging flow passage (60) has a larger cross-sectional area. 

7. The ink jet recording head unit according to any one of claims 1 to 6, wherein: 

of the common ink chambers (43, 44, 45, 46), a common ink chamber shorter than another common ink chamber 
has a compliance part (49) smaller than a compliance part (49) of the common ink chamber (43, 44, 45, 46). 

55 

8. An image recording device Including the Ink Jet recording head unit defined in any one of claims 1 to 7. 
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FIG. 3 
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FIG. 4 
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FIG. 5 




14 



EP1 160 084 A1 




15 



t I 

EP1 160 084 A1 



FIG. 7 

^WiP ^A^ If 




FIG. 8(a) 




71 



FIG. 8(b) FIG. 8(c) 




16 



EP 1 160 084 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 11 3108 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



diation ot document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (InLCI-T) 



P,X 



EP 0 726 151 A (TEKTRONIX INC) 
14 August 1996 (1996-08-14) 

* abstract; figure 2 * 

EP 1 057 633 A (SEIKO EPSON CORP) 
6 December 2000 (2000-12-06) 

* figure 8 * 

* column 12, line 22 - line 30 * 

JP 01 138801 A (TOSHIBA CORP) 
31 May 1989 (1989-05-31) 

* figure 6 * 

PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 04, 

31 March 1998 (1998-03-31) 

& JP 09 314832 A (RICOH CO LTD), 

9 December 1997 (1997-12-09) 

* abstract * 

EP 0 820 871 A (SEIKO EPSON CORP) 
28 January 1998 (1998-01-28) 

* figure 10 * 



B41J2/14 



1-3 



The present search report has been drawn up for all claims 



1-3 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



641J 



THE HAGUE 



t>at» of GORiptfltion ol the Mar^ 

24 August 2001 



Bardet, N 



CATEGORY OF CITED DOCUMENTS 

X : particularly ralevant If taken alone 

y : particularly relevant it combined with anotlier 

document ol ttie same caieooiy 
A : tectinologlcal bacHground 
O : non-written disclosura 
P : intermedlale doeumeni 



T : Uwory or prtnc^le underlying the invention 
E : earlier patent document, but published on. or 

alter the fifing date 
D : document cited In the application 
L : document died for other leasons 



a : memtwr of the same patent family, corresponding 
document 



17 



EP1 160 084 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. £P 01 11 3108 



This annex lists the patent family men^bersreiating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office Is In no way liable for these particulars which are merely given for the purpose of Information. 

24-08-2001 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




date 


EP 0726151 


A 


14-08-1996 


US 


5907338 


A 


25-05-1999 








DE 


69612315 


D 


10-05-2001 








JP 


8238769 


A 


17-09-1996 


EP 1057633 


A 


06-12-2000 


WO 


0038929 


A 


. 06-07-2000 


JP 01138801 


A 


31-05-1989 


NONE 








JP 09314832 


A 


09-12-1997 


NONE 








EP 0820871 


A 


28-01-1998 


JP 


10034923 


A 


10-02-1998 








JP 


10217452 


A 


18-08-1998 








US 


6220698 


6 


24-04-2001 








us 


6042223 


A 


28-03-2000 



3 

§ : 

p 

& For more details about this annex : sea Official Journal of (he European Patent Office, No. 12/82 



18 



